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(57) ABSTRACT

An electronic component includes a ceramic body, and an
external electrode provided at an end of the ceramic body.
Two adjacent side surfaces and an end surface of the ceramic
body are in contact with each other to define a corner of the
ceramic body, the external electrode includes a base layer
covering the end surface and side surfaces including the two
adjacent side surfaces except for the corner, and a plating
layer covering the base layer and the corner, and the plating
layer covering the corner has a thickness larger than a
thickness of the plating layer covering a center of the end
surface.
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ELECTRONIC COMPONENT

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a Continuation application of
PCT Application No. PCT/JP2023/006550, filed on Feb. 22,
2023, and claims the benefit of priority to Japanese Patent
Application No. 2022-037424, filed on Mar. 10, 2022. The
entire contents of each application are hereby incorporated
herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0002] The present invention relates to electronic compo-
nents.

2. Description of the Related Art
[0003] As a chip-type ceramic electronic component, one

including external electrodes at both ends of a ceramic body
is known (for example, Japanese Patent Application Laid-
Open No. 2016-31988 and Japanese Patent Application
Laid-Open No. 2012-69912). Each external electrode
includes a base layer (for example, a conductive layer
obtained by applying and baking a conductive paste con-
taining Cu, Ni, Ag, Pd, or the like as a main component)
provided on a surface of the ceramic body, and a plating
layer (for example, a Ni plating layer) formed on a surface
of the base layer.

[0004] In an electronic component such as a multilayer
ceramic capacitor, it is desired to reduce the thickness of the
base layer of the external electrode. With a thinned base
layer, the dimensions of the ceramic body can be increased
and the number of internal electrodes can be increased
without changing the external dimensions of the electronic
component. This may improve the performance of the
electronic component.

[0005] When a base layer covering an end (including an
end surface and a portion of a side surface) of the ceramic
body is formed, the thickness of the base layer covering the
corner (portion where an end surface and two side surfaces
are in contact with each other) of the ceramic body tends to
be thinner than the thickness of the base layer covering the
end surface and the side surface excluding the corner. Thus,
when the base layer is thinned, the base layer covering the
corners of the ceramic body becomes too thin, and the
corners may be exposed from the base layer.

[0006] Normally, the plating layer is not formed at the
corners of the ceramic body exposed from the base layer
since the plating layer is formed on a surface of the con-
ductive base layer. However, by increasing the plating time,
the plating layer formed on a surface of the base layer
covering the periphery of the corners can be further
expanded to the surface of the corners.

[0007] However, the plating layer covering the surface of
the corners is thin, and the bonding force with the ceramic
body is weak. Thus, a gap is likely to be generated between
the corners of the ceramic body and the plating layer. When
the plating time is not enough, the plating layer cannot fully
cover the corners of the ceramic body, and pinholes may be
generated in the plating layer.

[0008] The presence of pinholes in the plating layer causes
infiltration of a plating solution into the plating layer. Since
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the plating solution may damage the ceramic body and the
internal electrode, infiltration of the plating solution may
cause a risk of deteriorating the reliability of the electronic
component.

SUMMARY OF THE INVENTION

[0009] Example embodiments of the present invention
provide electronic components each able to reduce or pre-
vent the formation of pinholes in a plating layer with a base
layer not fully covering the corners of a ceramic body.
[0010] According to an example embodiment of the pres-
ent invention, an electronic component includes a ceramic
body, and an external electrode provided at an end of the
ceramic body. Two adjacent side surfaces and an end surface
of the ceramic body are in contact with each other to define
a corner of the ceramic body. The external electrode includes
a base layer covering the end surface and a plurality of side
surfaces including the two side surfaces except for the
corner, and a plating layer covering the base layer and the
corner. The plating layer covering the corner has a thickness
larger than a thickness of the plating layer covering a center
of the end surface.

[0011] According to example embodiments of the present
invention, the formation of pinholes in the plating layer are
able to be reduced or prevented with the base layer not fully
covering the corners of the ceramic body.

[0012] The above and other elements, features, steps,
characteristics and advantages of the present invention will
become more apparent from the following detailed descrip-
tion of the example embodiments with reference to the
attached drawings

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1A is a schematic perspective view of an
electronic component according to an example embodiment
of the present invention, and FIG. 1B is a schematic per-
spective view of a ceramic body used in the electronic
component of FIG. 1A.

[0014] FIG. 2 is a schematic sectional view of the elec-
tronic component taken along the line X-X in FIG. 1A.
[0015] FIG. 3 is an enlarged sectional view schematically
illustrating a portion of the electronic component in FIG. 2.
[0016] FIG. 4 is an enlarged sectional view schematically
illustrating a portion of the electronic component in FIG. 3.
[0017] FIG. 5A is a micrograph from an end surface side
of the electronic component according to an example
embodiment of the present invention, and FIG. 5B is an
enlarged photograph in which a portion of FIG. 5A is
enlarged.

[0018] FIGS. 6A to 6F are schematic sectional views
describing steps of forming a plating layer.

[0019] FIG. 7A is a micrograph of a section of an elec-
tronic component prepared in Example, and FIG. 7B is a
micrograph of a section of an electronic component prepared
in Comparative Example.

[0020] FIG. 8 is an enlarged photograph obtained by
enlarging a portion of the microphotograph of FIG. 7A.

DETAILED DESCRIPTION OF THE EXAMPLE
EMBODIMENTS

[0021] Example embodiments of the present invention
will be described in detail below with reference to the
drawings.



US 2024/0428995 Al

[0022] An electronic component according to an example
embodiment of the present invention includes a ceramic
body and an external electrode provided on a surface of the
ceramic body. The external electrode includes a base layer
covering the surface of the ceramic body, and a plating layer
covering the base layer. Two adjacent side surfaces and an
end surface of the ceramic body are in contact with each
other to define a corner of the ceramic body. The base layer
of the external electrode covers the end surface and a
plurality of side surfaces including the two side surfaces of
the ceramic body except for the corner of the ceramic body.
A portion of the corner or the entire corner of the ceramic
body may be exposed from the base layer.

[0023] When the plating layer is provided on a surface of
the base layer, the plating layer is only barely provided on
the surface of the corner of the ceramic body, which causes
generation of pinholes in the plating layer. In addition, since
the bonding force between the corner of the ceramic body
and the plating layer is low, a gap is likely to be generated
between them. When there is a defect (pinholes, gaps, etc.)
in the plating layer, a plating solution may infiltrate into the
plating layer from the defect. Since the infiltrated plating
solution may damage the ceramic body, the reliability of the
electronic component may deteriorate.

[0024] In the electronic component according to the pres-
ent example embodiment of the present invention, the thick-
ness of the plating layer covering the corner of the ceramic
body is larger than the thickness of the plating layer covering
the center of the end surface, thus reducing or preventing the
occurrence of defects in the plating layer.

[0025] As long as the electronic component includes a
ceramic body and an external electrode provided on a
surface of the ceramic body, the shape, dimensions, and
material of the ceramic body, and the number, arrangement,
shape, and the like of the external electrode are not particu-
larly limited. An internal electrode may be embedded in the
ceramic body, but it does not have to be embedded in the
ceramic body. When the internal electrode is present, the
internal electrode is electrically connected to the external
electrode in an appropriate manner.

[0026] Examples ofthe electronic component to which the
configuration of the present example embodiment of the
present invention can be applied include a surface mounting
type electronic component, in particular, a chip component,
and more specifically, a capacitor such as a multilayer
ceramic capacitor, a positive characteristic (or positive tem-
perature coefficient, PTC) thermistor, and a negative char-
acteristic (or negative temperature coefficient, NTC) therm-
istor, varistor, and capacitor.

[0027] Inthe following example embodiment, a multilayer
ceramic capacitor including an internal electrode will be
exemplified and described in detail with reference to the
drawings.

EXAMPLE EMBODIMENT

[0028] FIG. 1A is a schematic perspective view of an
electronic component 10 according to an example embodi-
ment of the present invention, and FIG. 1B is a schematic
perspective view of a ceramic body 20 used in the electronic
component 10 of FIG. 1A. FIG. 2 is a schematic sectional
view of the electronic component 10 taken along the line
X-X in FIG. 1A. FIG. 3 is an enlarged schematic sectional
view of a portion of the electronic component 10 illustrated
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in FIG. 2, and FIG. 4 is an enlarged schematic sectional view
of a portion of the electronic component 10 illustrated in
FIG. 3.

[0029] The electronic component 10 illustrated in FIGS.
1A and 2 is, for example, a multilayer ceramic capacitor. The
electronic component 10 includes the ceramic body 20 and
external electrodes 30 and 40 provided at ends of the
ceramic body 20. The external electrodes 30 and 40 include
base layers 31 and 41 and plating layers 32 and 42. If so
desired, the external electrodes 30 and 40 can further include
second plating layers 33 and 43 covering the plating layers
32 and 42.

[0030] The ceramic body 20 of the multilayer ceramic
capacitor includes a plurality of ceramic layers 200 (see FIG.
2). Internal electrodes 71 and 72 are provided inside the
ceramic body 20. The internal electrodes 71 and 72 and the
ceramic layers 200 are alternately laminated to define a
laminate 80. The internal electrodes 71 and 72 are respec-
tively exposed from the end surfaces 21 and 22 of the
ceramic body 20 and are electrically connected to the
external electrodes 30 and 40.

[0031] Each configuration will be described in detail
below.

Ceramic Body 20

[0032] As illustrated in FIG. 1B, the ceramic body 20
according to the present example embodiment preferably
has a rectangular or substantially rectangular parallelepiped
shape, and it includes two end surfaces 21 and 22 opposing
each other and four side surfaces 23. In FIG. 1B, the internal
electrodes 71 and 72 exposed from the end surfaces 21 and
22 are omitted to simplify the drawing.

[0033] Two adjacent side surfaces 23 and one of the end
surfaces (end surface 21 in FIG. 1B) of the ceramic body 20
are in contact with each other to define a corner 25 (hatched
region) of the ceramic body 20.

[0034] The “corner 25 of the ceramic body 20” in the
present specification is a region including a vertex 25¢ where
the two side surfaces 23 intersect with an end surface, and
a portion surrounding the vertex 25¢, and the corner has a
certain extent (see FIG. 1B).

[0035] The corner 25 may be, for example, a range sur-
rounded by an arc drawn with a radius r on the side surface
23 and the end surface 21 around the vertex 25¢. The
dimension (radius r) of the corner 25 can be appropriately set
according to the dimension of the electronic component 10.
For example, in the case of the electronic component 10 of
0603 size, the dimension (radius r) of the corner 25 can be
set to about V5 (that is, about W/5) of the width W of the
electronic component 10.

[0036] As described later, the corner 25 (more precisely, a
ridge 25RL of the corner 25) is covered with a first plating
region 321 of the plating layer 32. Thus, a range surrounded
by an arc in which a length 321R (FIG. 5B) of the first
plating region 321 is drawn as the radius r may be defined
as the corner 25 of the ceramic body 20.

Base Layer 31

[0037] As illustrated in FIGS. 2 to 4, the base layer 31 of
the external electrode 30 covers the side surface 23 and the
end surface 21 except for the corner 25 (FIG. 1A) of the
ceramic body 20.
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[0038] The corner 25 of the ceramic body 20 may be fully
exposed from the base layer 31 (that is, the corner 25 does
not have to be covered with the base layer 31 at all).
Alternatively, only a portion of the corner 25 may be
exposed from the base layer 31, and the remaining portion
may be covered with the base layer 31. As an example, since
the base layer 31 covering the corner 25 is extremely thin,
the base layer 31 does not have to form a continuous film
(that is, a plurality of holes may be formed in the base layer
31, and a portion of the corner 25 may be exposed from the
holes). In another example, there may be a case where only
the vicinity of the vertex 25¢ (FIG. 1B) of the corner 25 is
exposed from the base layer 31, and the other portion of the
corner 25 is covered with the base layer 31.

[0039] The thickness of the base layer 31 does not have to
be uniform. For example, the base layer 31 covering the
corner 25 of the ceramic body 20 or the vicinity thereof may
be relatively thin, and the base layer 31 covering the other
portion may be relatively thick.

[0040] The base layer 31 is provided to form the plating
layer 32 by, for example, electrolytic plating. Thus, it is
preferable that the thickness of the base layer 31 is a
thickness sufficient for performing electrolytic plating and is
as thin as possible. Specifically, a thickness 31¢ of the base
layer 31 is, for example, preferably about 0.1 um or more
and about 10 pum or less. Thinning the base layer 31 makes
it possible to reduce the thickness (total thickness of the base
layer 31, the plating layer 32, and the second plating layer
33) of the external electrode 30.

[0041] In the present specification, the “thickness 317 of
the base layer 31” refers to the maximum thickness of the
base layer 31. The thickness 31¢ of the base layer 31
generally coincides with the thickness of the plating layer
covering a center 21c¢ of the end surfaces 22 and 21 of the
ceramic body 20.

Plating Layer 32

[0042] The plating layer 32 of the external electrode 30
covers the base layer 31 and a portion of the corner 25 of the
ceramic body 20 exposed from the base layer 31.

[0043] The plating layer 32 includes three regions of a
plating layer (first plating region) 321 covering the corner 25
of the ceramic body 20, a plating layer (second plating
region) 322 provided on the end surfaces 21 and 22 side of
the ceramic body 20, and a plating layer (third plating
region) 323 provided on the side surface 23 side of the
ceramic body 20.

Thickness T1 of First Plating Region 321

[0044] As illustrated in FIG. 3, a thickness T1 of the
plating layer 32 (first plating region 321) covering the corner
25 is larger than a thickness T2 of the plating layer 32
covering the center 21¢ (FIG. 1B) of the end surface 21.
[0045] Forming the plating layer 32 to be locally thick in
the first plating region 321 covering the corner 25 makes it
possible to reduce or prevent the occurrence of defects
(pinholes in the plating layer 32, gaps between the plating
layer 32 and the ceramic body 20, etc.) in the first plating
region 321. As a result, when the plating layer 32 is formed,
it is possible to reduce or prevent infiltration of a plating
solution from the defects in the plating layer 32 and a
damage to the ceramic body 20 and the internal electrodes
71 and 72.
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[0046] The thickness T1 of the first plating region 321 and
the thickness T2 of the plating region 32 covering the center
21c of the end surface 21 of the ceramic body 20 are
measured as follows.

[0047] First, the electronic component 10 is cut along a
section CS parallel to the LT plane (section taken along the
line X-X in FIG. 1A). The position of the section CS is
determined such that the section passes through the corner
25 and the internal electrodes 71 and 72 disposed inside the
ceramic body 20 are exposed. Instead of cutting the elec-
tronic component 10 along the section CS, the electronic
component 10 may be polished to the section CS.

[0048] FIG. 3 illustrates a section of the electronic com-
ponent 10 taken along the section SC. The ceramic body 20
illustrated in FIG. 3 includes the side surface 23, the end
surface 21, and the ridge 25RL. where the side surface and
the end surface intersect with each other.

[0049] Here, the ridge 25RL will be described with refer-
ence to FIG. 1B. The ceramic body 20 includes ridges
20RL1 and 20RL2 where the side surface 23 and the end
surface 21 are in contact with each other, and a ridge 20RL3
where the two adjacent side surfaces 23 are in contact with
each other. Some of these ridges pass through the corner 25.
A ridge within the range of the corner 25 is referred to as a
“ridge 25RL of the corner 25”.

[0050] See FIG. 3 again. The thickness T1 of the first
plating region 321 covering the corner 25 is a distance from
the ridge 25RL of the corner 25 of the ceramic body 20 to
the outer surface of the first plating region 321 in the
sectional view (FIG. 3) of the electronic component 10. The
ridge 25RL. of the corner 25 may be a curved surface (drawn
as a curve in FIG. 3) because of removal of an edge during
manufacturing.

[0051] Strictly speaking, the thickness T2 of the plating
layer 32 covering the center 21¢ of the end surface 21 of the
ceramic body 20 needs to be measured in a section of the
electronic component 10 cut along a plane passing through
the center 21¢ of the end surface 21. However, the second
plating region 322 illustrated in FIG. 3 and the plating layer
32 covering the center 21c¢ of the end surface 21 have
substantially the same thickness. Thus, the thickness of the
second plating region 322 in the sectional view of FIG. 3 is
regarded as the thickness of the plating layer 32 covering the
center 21c¢ of the end surface 21. Hereinafter, the thickness
of the plating layer 32 covering the center 21¢ of the end
surface 21 may be referred to as a thickness T2 of the second
plating region 322.

[0052] The thickness T1 of the first plating region 321
covering the corner 25 is, for example, preferably about 1.5
times or more the thickness (that is, the thickness of the
second plating region 322) T2 of the plating layer 32
covering the center 21¢ of the end surface 21. This configu-
ration sufficiently increases the thickness T1 of the first
plating layer 321 covering the corner 25 and further
improves the reducing or preventing effect of reducing or
preventing infiltration of the plating solution into the plating
layer 32.

[0053] More preferably, the thickness T1 of the first plat-
ing region 321 is, for example, about twice or more the
thickness T2 of the second plating region 322, and still more
preferably 3 times or more and 6 times or less.
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Multilayer Structure of First Plating Region 321

[0054] As illustrated in FIG. 4, the first plating region 321
covering the corner 25 preferably includes a multilayer film
obtained by stacking a plurality of plating films. In FIG. 4,
the first plating region 321 includes three plating films 321a,
3215, and 321c¢. Forming the multilayer film makes it
possible to easily increase the thickness T1 of the first
plating region 321.

[0055] The multilayer film is preferably formed by stack-
ing 2 or more and 10 or less plating films, and more
preferably formed by stacking 2 or more and 4 or less plating
films.

[0056] The number of layers of the plating film defining
the first plating region 321 (multilayer film) is calculated as
(the number of cracks CL)+1. In FIG. 4, since there are two
cracks CL, the plating film is counted as “three layers”.
[0057] The crack CL can be confirmed by observing a
section of the first plating region 321 with a microscope
(microscope or optical microscope) (FIGS. 7A and 8). The
first plating region 321 is observed with a microscope at a
magnification of about 100 times or more, and when a gap
having a width of, for example, about 1 pm or more is
continuous by about 1 pm or more, it is determined as the
“crack CL”.

Length 321R of First Plating Region 321

[0058] FIG. 5A is a micrograph from the end surface 21
side of the electronic component 10 according to Example 1
described later, and FIG. 5B is an enlarged micrograph of a
portion of FIG. 5A. As illustrated in FIG. 5B, the dimension
of the first plating region 321 along the ridge 20RL.1 of the
ceramic body 20 is referred to as a “length 321R”. The
length 321R of the first plating region 321 is, for example,
about 0.1 pm or more and about 100 pm or less. The length
321R of the first plating region 321 is, for example, more
preferably about 20 pm or more and about 60 pm or less.

[0059] The length 321R of the first plating region 321 is
measured as follows.

[0060] In FIGS. 5A and 5B, the side surface 23 of the
ceramic body 20, the end surface 21 of the ceramic body 20,
and the ridges 20R[.1 and 20RL2 of the ceramic body 20 are
drawn. The side surface 23 and the end surface 21 are in
contact with each other at the ridge 20RL1 or the ridge
20RL.2 of the ceramic body 20 (see also FIG. 1B). As
illustrated in FIGS. 5A and 5B, the plating layer 32 (first
plating region 321) covering the corner 25 of the ceramic
body 20 covers the vertex 257 of the corner 25 of the ceramic
body 20, and further extends along each of the ridges 20RL1
and 20R1.2 of the ceramic body 20. In the end surface view
as illustrated in FIG. 5A, the first plating region 321 has an
L shape, for example.

[0061] The ceramic body 20 has the ridge 20RL.3 where
two adjacent side surfaces 23 are in contact with each other
(see FIG. 1B). The first plating region 321 further covers the
vertex 25¢ of the corner 25 of the ceramic body 20 and
extends along the ridge 20RL3 of the ceramic body 20.
[0062] The length 321R of the first plating region 321
along the ridge 20RL.1 of the ceramic body 20 is equal or
substantially equal to the length of the first plating region
321 measured along each of the other ridges 20RL.2 and
20RL.3. Thus, when the length of the first plating region 321
is measured, the length may be measured along any ridge.
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[0063] As can be seen from FIGS. 5A and 5B, the first
plating region 321 and the second plating region 322 have
different thicknesses and surface properties, and thus, when
observed with a microscope (microscope or optical micro-
scope), the color tones of these regions look different. Thus,
the range of the first plating region 321 can be specified
based on the color tone. After the range of the first plating
region 321 is specified, the length of the first plating region
321 is measured.

[0064] In the electronic component 10 according to the
present example embodiment, the base layers 31 and 41 can
be thinned without generating defects (pinholes, gaps, etc.)
in the plating layers 32 and 42. Thus, for the following
reasons, the electronic component is particularly suitable for
the electronic component 10 including the internal elec-
trodes 71 and 72 inside the ceramic body 20, such as the
multilayer ceramic capacitor illustrated in FIG. 2.

[0065] Inthe multilayer ceramic capacitor, the thicknesses
of the external electrodes 30 and 40 can be reduced by
thinning the base layers 31 and 41. Thus, the number of the
internal electrodes 71 and 72 can be increased without
changing the external dimensions of the electronic compo-
nent 10. This makes it possible to improve the capacitance
of the multilayer ceramic capacitor.

[0066] In other electronic components (multilayer therm-
istors and the like) including internal electrodes, since the
number of internal electrodes can be increased, the electrical
characteristics of the electronic components can be
improved.

Method for Manufacturing Electronic Component 10

[0067] An example of a method for manufacturing the
electronic component 10 according to the present example
embodiment will be described by taking a multilayer
ceramic capacitor having the structure illustrated in FIG. 2
as an example.

Preparation of Ceramic Body 20 and Internal FElectrodes 71
and 72

[0068] First, the ceramic body 20 including the internal
electrodes 71 and 72 is prepared. Ceramic body 20 can be
prepared by any suitable method.

[0069] The ceramic body 20 (more specifically, the
ceramic layers 200) is formed of a ceramic material suitable
for the electronic component to be manufactured. For
example, in a multilayer ceramic capacitor, the ceramic body
20 is formed of a dielectric ceramic material (for example,
BaTiO;, CaTios, SrTiO;, CaZros, (BaSr)TiO;, Ba(ZrTi)O;,
(BiZn)Nb,O,, and the like).

[0070] The internal electrodes 71 and 72 are formed of a
conductive material. Examples of suitable conductive mate-
rials include Ag, Cu, Pt, Ni, Al, Pd, and Au. Ag, Cu, and Ni
are particularly preferable.

[0071] In the preparation of the ceramic body 20 and the
internal electrodes 71 and 72, first, each raw material of the
ceramic body 20 is weighed, put in a ball mill together with
a pulverization medium (hereinafter, also referred to as PSZ
ball) such as partially stabilized zirconia (PSZ) and pure
water, and subjected to wet mixing and pulverizing. The
obtained mixture is calcined at a predetermined temperature
(e.g., about 1000° C. to about 1200° C.) to provide a
calcined powder. An organic binder is added to the obtained
calcined powder, and the resulting material is subjected to a
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wet mixing treatment to form a slurry, and then subjected to
molding processing using a doctor blade method or the like
to prepare a ceramic green sheet having a desired thickness.
[0072] Next, a conductive paste used to form the internal
electrodes 71 and 72 is applied to a surface of the ceramic
green sheet to form an internal electrode pattern. The
conductive paste is prepared, for example, by dispersing
metal powder and an organic binder in an organic solvent.
The conductive paste is applied by, for example, screen
printing or the like.

[0073] A predetermined number of the ceramic green
sheets on which the internal electrode patterns are formed
are laminated, then the laminate was sandwiched by ceramic
green sheets on which the internal electrode patterns are not
formed from upper and lower sides and subjected to pressure
bonding. A laminate (laminate before sintering) in which the
ceramic green sheets and the internal electrode patterns are
alternately laminated is thus obtained. The laminate before
sintering is cut into a predetermined size, then subjected to
a degreasing treatment and a debinding treatment, and fired
at a predetermined temperature (e.g., about 1200° C. to
about 1400° C.) and in a predetermined atmosphere. The
laminate 80 having a multilayer structure in which a plu-
rality of ceramic layers 200 and internal electrodes 71 and 72
are alternately stacked is thus obtained. The laminate 80 can
also be regarded as the ceramic body 20 incorporating the
internal electrodes 71 and 72.

Formation of Base Layers 31 and 41

[0074] As illustrated in FIG. 2, base layers 31 and 41 are
formed in such a manner as to cover the ends (as illustrated
in FIG. 2, the end surfaces 21 and 22 of the ceramic body 20
and a portion of the side surface 23) of the ceramic body 20.
The base layers 31 and 41 are in contact with the internal
electrodes 71 and 72 exposed on the end surfaces 21 and 22
of the ceramic body 20.

[0075] The base layers 31 and 41 are formed of a metal
material including Cu, Ag, Si, Ni, or the like, for example.
In particular, it is preferable to form the base layers from a
Cu film, for example.

[0076] The base layers 31 and 41 can be formed by a
known film forming method. For example, a sputtering
method, a vapor deposition method, a coating method (con-
ductive paste is applied to a predetermined position and then
baked), a dipping method, or the like can be used. For
example, the Cu film is preferably formed by applying a Cu
paste and then baking the paste.

[0077] By forming the Cu film thin, at least a portion of the
corner 25 of the ceramic body 20 is exposed from the base
layers 31 and 41.

Formation of Plating Layers 32 and 42

[0078] The plating layers 32 and 42 are formed in such a
manner as to cover the base layers 31 and 41 and a portion
of the corner 25 of the ceramic body 20 exposed from the
base layer 31.

[0079] The plating layers 32 and 42 can be formed, for
example, by performing electrolytic plating of at least one of
Ni and Cu. For the plating layers 32 and 42, for example, a
plating method capable of applying an impact to an object to
be plated is used, such as a barrel plating method in which
a conductive medium placed in a barrel and the ceramic
body 20 are plated while being rotated and stirred, or a
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centrifugal plating method in which the ceramic body 20 is
stirred and plated by a centrifugal force of a barrel. The
plating layer 32 (first plating region 321) covering the corner
25 of the ceramic body 20 can be thus formed into a thick
film.

[0080] Hereinafter, a mechanism used to thicken the first
plating region 321 will be described in detail with reference
to the drawings, taking a case where plating is performed by
a centrifugal plating method as an example.

[0081] As illustrated in FIG. 6A, the base layers 31 and 41
are formed such that the corner 25 of the ceramic body 20
is exposed, and then the plating layer 324 is formed on the
surfaces of the base layers 31 and 41 by a centrifugal plating
method.

[0082] The plating layer 32aq is first formed on the surfaces
of the base layers 31 and 41, and expands to the surface of
the corner 25 of the ceramic body 20 with time (FIG. 6B).
[0083] The plating layer 32a covering the corner 25 of the
ceramic body 20 has a weak bonding force with the surface
of the corner 25. The plating layer 32q is easily peeled off
from the surface of the corner 25 because of the collision
occurring between the ceramic bodies 20, between the
ceramic body 20 and the conductive medium, and between
the ceramic body 20 and the cathode during centrifugal
plating, and because of friction generated when the ceramic
body 20 is stuck to the cathode with centrifugal force (FIG.
6C). As a result, the corner 25 is exposed from the plating
layer 32a. Since the bonding force between the plating layer
32a and the base layers 31 and 41 is strong, the plating layer
32a is peeled off only in a part.

[0084] In a state where a portion of the plating layer 32a
is peeled off, plating is further continued. With the base
layers 31 and 41 and/or the previously formed plating layer
32a as a starting point, the plating layer 326 covering the
surface of the corner 25 is formed again (FIG. 6D). The
previously formed plating layer 32a increases in thickness.
In particular, plating grows on both the inner side (the
surface that was in contact with the surface of the corner 25
before peeling) and the outer side of the plating layer 32a
peeled off from the corner 25.

[0085] As in FIG. 6C, the plating layer 326 covering the
corner 25 is easily peeled off from the surface of the corner
25 because of various types of collision and friction (as
described above) that can be received by the ceramic body
20 during centrifugal plating (FIG. 6E).

[0086] When plating is further continued in a state where
the plating layer 325 is peeled off, the plating layer 32¢
covering the surface of the corner 25 is formed again with
the base layers 31 and 41 and/or the previously formed
plating layers 32a and 325 as a starting point (FIG. 6F). The
previously formed plating layers 32a and 324 increase in
thickness. In particular, in the peeled portions of the plating
layers 32a and 32b, plating grows on both the inner side and
the outer side.

[0087] By repeating formation and peeling of the plating
layer covering the corner 25 like this, the plating layer 32
(first plating region 321) covering the corner 25 can be made
thicker than the other portions of the plating layer 32 (second
plating region 322, third plating region 323).

[0088] The thickness T1 of the first plating region 321 can
be adjusted by the length of the plating time. Increasing the
plating time makes it possible to increase the thickness T1
of the first plating region 321.
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[0089] The number of layers of the plating films 321a,
3215, and 321c¢ forming the first plating region 321 is
determined by the number of times of peeling. The number
of layers of the plating films 321a, 3215, and 321c can be
controlled by controlling the number of times of peeling by
adjusting the strength of the impact to be applied to the
ceramic body 20 (more precisely, a plating film formed on
the surface of the ceramic body 20) during centrifugal
plating (for example, it can be adjusted by the rotation speed
of'the container (barrel) containing chips and a medium) and
adjusting the plating time.

[0090] For example, the plating time is preferably in the
range of about 30 minutes to about 600 minutes, and the
rotation speed is preferably in the range of about 200 rpm to
about 500 rpm.

Formation of Second Plating Layers 33 and 43

[0091] The second plating layers 33 and 43 are formed in
such a manner as to cover the surfaces of the plating layers
32 and 42. The second plating layers 33 and 43 can be
formed by, for example, performing electrolytic plating of
Sn. The second plating layers 33 and 43 can be formed by
a known plating method, and for example, a barrel plating
method, a centrifugal plating method, or the like can be
used.

EXAMPLES

[0092] A measurement sample was prepared by the fol-
lowing procedure.

Example 1

[0093] The ceramic body 20 was prepared by pulverizing
and mixing of raw materials, calcining, molding, firing, and
cutting. For the pulverization and mixing of the raw mate-
rials, BaTiO; as a main component was mixed in a prede-
termined amount then pulverized, and calcined at a maxi-
mum temperature of about 1200° C. in an air atmosphere. An
organic binder was added to the obtained calcined powder
and subjected to wet mixing, whereby a slurry was obtained.
A ceramic green sheet having a desired thickness was
prepared from the slurry by a doctor blade method. Next, a
conductive paste (Ag paste) for the internal electrode was
applied to a surface of the ceramic green sheet to form an
internal electrode pattern. A predetermined number of the
ceramic green sheets on which the internal electrode pattern
was thus formed were laminated, then the obtained material
was sandwiched by ceramic green sheets on which the
internal electrode pattern was not formed from upper and
lower sides and subjected to pressure bonding, whereby a
laminate was prepared. This laminate was cut into a prede-
termined size, then subjected to a degreasing treatment and
a debinding treatment, and then fired at a predetermined
temperature (about 1200° C. to about 1400° C.) in a prede-
termined atmosphere, such that the laminate 80 having a
multilayer structure including the ceramic body 20 and
internal electrodes 71 and 72 was obtained.

[0094] The base layer 31 was formed by applying a Cu
paste to an end of the ceramic body 20 and baking the paste.
At this time, the corner 25 of the ceramic body 20 was
exposed from the base layer 31 (FIGS. 7A and 8).

[0095] Subsequently, the plating layer 32 (Ni plating
layer) covering the surface of the base layer 31 and the
corner 25 of the ceramic body 20 was formed by centrifugal
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plating. At the time of centrifugal plating, the rotation speed
of the barrel (container containing chips and a medium) was
increased and the plating time was increased as compared
with typical centrifugal plating conditions. Multilayering of
the Ni plating layer was thus performed at the corner 25 of
the ceramic body 20 which is susceptible to impact.
[0096] Further, the second plating layer 33 (Sn plating
layer) covering the Ni plating layer was formed by centrifu-
gal plating. The plating conditions were typical plating
conditions.

[0097] A multilayer ceramic capacitor was thus obtained
(sample of Example 1).

[0098] The sample was embedded in a resin, and polished
to the X-X line in FIG. 1A to expose the section SC (parallel
to the LT plane), and then ion milling was performed. The
first plating region 321 of the external electrodes 30 and 40
was observed with a microscope (Keyence: VHX7000).
FIGS. 7A and 8 are micrographs of the sample of Example
1. In the sample of Example 1, the first plating region 321
covering the corner 25 of the ceramic body 20 was a
multilayer film of three layers of Ni plating films 321a,
3215, and 321c¢ (FIG. 8). No pinhole was present in the Ni
plating layer 32.

[0099] The length 321R of the first plating region 321
(FIG. 5B) was measured and found to be about 55 pum.

Comparative Example 1

[0100] A sample of Comparative Example 1 was prepared
by the same steps as in Example 1 except for the conditions
for forming the plating layer 32 (Ni plating layer). In the
sample of Comparative Example 1, the Ni plating layer 32
was plated under typical centrifugal plating conditions. As a
result, the impact applied to the corner 25 of the ceramic
body 20 was reduced, and the multilayering of the Ni plating
layer 32 was reduced or prevented.

[0101] The second plating layer (Sn plating) was peeled
off from the sample of Comparative Example 1, then the
sample was processed in the same manner as in the sample
of Example 1, and the corner portion of the external elec-
trode 30 was observed with a microscope (Keyence:
VHX7000). FIG. 7B is a micrograph of the sample of
Comparative Example 1. In the sample of Comparative
Example 1, a portion of the Ni plating layer 32 covering the
corner 25 of the ceramic body 20 was thinner than other
portions, and pinholes PH were generated.

[0102] In addition, 10,000 samples were prepared for each
of the sample of Example 1 and the sample of Comparative
Example 1, and the following evaluations were performed.

[0103] Number of samples in which plating solution has
entered: The number of samples in which the plating
solution has infiltrated into the Ni plating layer was
counted. Sections of the external electrode 30 and the
ceramic body 20 in the vicinity thereof were observed
with a microscope, and when precipitation of plating or
a cavity of about 1 um or more was observed inside the
external electrode 30 and/or inside the ceramic body
20, it was determined that the plating solution has
infiltrated.

[0104] Reliability evaluation: IR (Insulation Resis-
tance) measurement was performed by applying an
environmental load, and the number of defective prod-
ucts was counted. In the IR measurement, the insulation
resistance value was measured after a lapse of a certain
time or more (about 24 hours or more) under a high
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temperature (about 70° C. or more) and high humidity
(about 50% or more) environment, and it was checked
whether the initial insulation resistance value was
maintained. When the measured insulation resistance
value exceeded 90% of the initial insulation resistance
value, it was determined as OK (good product), and
when the measured insulation resistance value was
90% or less, it was determined as NG (defective
product).

TABLE 1

Comparative Example 1 Example 1

Number of samples in which 0/10000 pcs
plating solution has entered
Reliability evaluation

(n = 10000)

521/10000 pes

26/10000 pes 0/10000 pcs

[0105] As shown in Table 1, in Comparative Example 1,
infiltration of plating solution was confirmed in 521 samples
out of 10,000 samples. On the other hand, in Example 1,
infiltration of plating solution was not confirmed in the
10,000 samples.

[0106] For the reliability evaluation, in Comparative
Example 1, 26 samples out of 10,000 samples were defec-
tive. In Example 1, there was no defective product in the
10,000 samples.

[0107] While example embodiments of the present inven-
tion have been described above, it is to be understood that
variations and modifications will be apparent to those skilled
in the art without departing from the scope and spirit of the
present invention. The scope of the present invention, there-
fore, is to be determined solely by the following claims.

What is claimed is:
1. An electronic component comprising:
a ceramic body; and

an external electrode provided at an end of the ceramic
body; wherein
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two adjacent side surfaces and an end surface of the
ceramic body are in contact with each other to define a
corner of the ceramic body;

the external electrode includes a base layer covering the

end surface and side surfaces including the two adja-
cent side surfaces except for the corner, and a plating
layer covering the base layer and the corner; and

the plating layer covering the corner has a thickness larger

than a thickness of the plating layer covering a center
of the end surface.

2. The electronic component according to claim 1,
wherein the thickness of the plating layer covering the
corner is about 1.5 times or more the thickness of the plating
layer covering the center of the end surface.

3. The electronic component according to claim 1,
wherein the plating layer covering the corner includes a
multilayer film in which plating films are stacked.

4. The electronic component according to claim 3,
wherein, in the multilayer film, 2 or more and 10 or less
plating films are stacked.

5. The electronic component according to claim 1,
wherein the plating layer covering the corner has a length of
about 0.1 um or more and about 100 um or less along a ridge
at which one of the adjacent side surfaces and the end
surface are in contact with each other.

6. The electronic component according to claim 1, further
comprising an internal electrode inside the ceramic body.

7. The electronic component according to claim 1,
wherein the base layer includes holes therein.

8. The electronic component according to claim 7,
wherein a portion of the corner is exposed through one of the
holes in the base layer.

9. The electronic component according to claim 1,
wherein

the end surface of the ceramic body includes a plurality of

corners of the ceramic body; and

the plating layer which covers the plurality of corners has

a thickness larger than the thickness of the plating layer
covering the center of the end surface.

#* #* #* #* #*



